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Abstract 
Background: Laboratory studies have revealed that intense exercise is 
associated with increased production of free radicals, and weakened 
capacity of antioxidant. The aim of the study was to determine the 
effect of short-term whey protein supplementation on some oxidant and 
antioxidant indices following an intense exercise session among non-
athletic men. 
Methods: In this double blind randomized clinical trial study, 24 non-
athlete male students (21.9 ± 1.19 kg of weight) without any chronic 
and metabolic diseases were randomly allocated into two groups: 
males who received whey protein supplement (0.4 g / kg body weight 
for 3 consecutive days), and those who received placebo. Blood 
samples were collected before, immediately, 24, 48, and 72 hours after 
an intense resistance exercise session, and were analyzed for 
glutathione peroxidase (GPx) and Lactate dehydrogenase (LDH). The 
repeated measure ANOVA was used to compare GPx and LDH 
between these two groups. 
Results: Significant differences were observed in the GPx change 
pattern between the two groups. On the other hand, at each stage of the 
sampling, there was a significant increase in the amount of GPx 
compared to placebo group (1.164 ± 0.166 vs 0.924 ± 0.054 for 24 
recovery; 1.111 ± 0.104 vs 0.896 ± 0.105 for 48 hours recovery; 1.036 
± 0.131 vs 0.873 ± 0.083 for 72 hours recovery) (Pvalue < 0.05). 
However, no significant difference was observed in the LDH change 
pattern between the two groups (Pvalue = 0.99). 
Conclusions: Whey protein supplementation is associated with the 
improvement of GPx activity after an intense resistance exercise among 
non-athletic young men. 
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Introduction 
Several studies have shown that intense exercise trainings 
are associated with the formation of oxidative stress condition.1 
Researchers have frequently reported that intense muscular 
exercises, especially those that involve intense resistance and 
eccentric muscle contractions, lead to delayed onset muscle 
soreness (DOMS), particularly in beginners or non-athletes.2,3 
Due to the increase of oxygen consumption by 100 times after 
intense exercise, the production of free radicals or oxidants also 
significantly increases.4 Intense resistance and extrinsic muscle 
contractions appear to result in the formation of free radicals or 
oxidants, especially among non-athletes, and reduction of the 
capacity of antioxidant indices.5 The findings of some studies 
have shown that one session of intense resistance exercise 
increases indices of lipid peroxidation and reduces the activity 
of antioxidant enzymes or antioxidants such as glutathione 
peroxidase (GPX) in mice.6 Intense muscle contractions are 
also associated with increased levels of damage indices to 
muscle cells and tissues.7 It has been shown that those 
exercises that are accompanied with intense muscle 
contractions such as resistance or eccentric contractions, are 
associated with increased production and release of muscle 
damage indicator enzymes like creatine phosphokinase (CK), 
lactate dehydrogenase (LDH), some liver enzymes such as 
alanine aminotransferase (ALT), and aspartate 
aminotransferase (AST).8,9 Muscle damages caused by intense 
exercise are associated with membrane dysfunction, leakage of 
extracellular fluid, and increase in enzymes such as LDH and 
CK in the blood.10 LDH is found with varying concentrations 
and high levels in cytoplasm of most of the body tissues, and 
the destruction of Z lines and sarcolemma damage increase its 
release as a muscular damage indicator into the interstitial fluid 
and blood circulation.11 
On the other hand, the antioxidant system of the body has 
the responsibility of providing enzymatic or non-enzymatic 
antioxidants to reduce the production of chain reactions 
resulted from free radicals. Although some studies have 
emphasized that regular exercise trainings reduce the 
production of free radicals and strengthen the antioxidant 
system of the body through higher activity levels and releasing 
of oxidative enzymes or total antioxidant capacity (TAC),6 
some other studies have proposed the use of nutritional 
materials or antioxidant supplements to improve and also 
strengthen the antioxidant system of the body.12 Compounds in 
milk especially proteins with sources of branched amino acids, 
have been shown to act not only as nutrients; but also as a 
potent antioxidant against the invasion of free radical.13 Among 
them, whey protein is rich in essential and branched amino 
acids with higher antioxidant properties.14 Scientific sources 
have supported the high levels of cysteine and methionine 
sulfuric amino acids in whey protein, which are able to convert 
glutathione as an antioxidant and anti-cancer tripeptide, and 
enhance the immune function.15  
Scientific evidence points to increased production of free 
radicals and cellular damage after performing an intense 
exercise, such as resistance training or intense eccentric 
contractions.16 On the other hand, strengthening the antioxidant 
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system through antioxidant supplements or regular long-term 
exercise training by increasing the total antioxidant capacity or 
other enzymatic and non-enzymatic antioxidants, leads to a 
reduction of free radicals production.16 Scientific sources have 
shown that antioxidant levels decreased immediately after 
exercise, and that antioxidant supplementation has a protective 
effect against exercise-induced oxidative stress. On the other 
hand, whey protein has antioxidant properties due to having 
high amounts of leucine, which is one of the most important 
free radical scavengers in intracellular glutathione precursors,17 
as their antioxidant properties during exercise were highlighted 
in some studies.18 On the other hand, despite its effects on the 
levels of creatine phosphokinase following isokinetic, isotonic, 
or extrinsic exercises,19,20 its role as an antioxidant supplement 
has been less investigated regarding antioxidant indices, as well 
as other indicators of muscle damage following intense muscle 
contractions, especially among non-athlete participants. Hence, 
the present study aimed to determine the GPx response as one 
of the most potent antioxidants, along with LDH as one of the 
inflammatory markers of muscle damage indicator regarding 
supplementation of this protein in delayed periods after an 
intense extrinsic resistance exercise session in young non-
athlete men. 
Materials and Methods  
The statistical population of this double-blind study 
included non-athletic and non-smoker male students with the 
ages ranged from 18 to 24 years old. At first, 24 subjects who 
met the inclusion criteria in the double-blind design were 
selected through convenience and purposive sampling, and then 
were allocated into experimental (n = 12) and placebo (n = 12) 
groups based on the random sampling using a table of random 
numbers. The experimental group refers to the group which 
underwent whey protein supplementation at a daily average of 
30 g (0.4 g per kg of body weight for 3 consecutive days).18 
Inactivity or not participating in a regular training program 
over the past 6 months was one of the main inclusion criteria of 
this study. The participants were non-smokers and non-
alcoholic. Their weight fluctuation in the past 6 months was 
less than a kilogram. Lack of specific diet and chronic and 
metabolic diseases such as asthma, diabetes, metabolic 
syndrome, cardiovascular diseases, etc. were among the 
inclusion criteria. Lake of illnesses by which a person should 
not have intense exercise was another inclusion criterion. 
Anthropometric indexes were measured in both of the whey 
protein and placebo groups. The measurement of height was 
done using a wall-mounted height gauge, without shoes, and 
with an accuracy of 0.5 cm. Body weight was measured with 
minimum clothing by Seca scale with 0.5 kg accuracy. To 
measure the abdomen circumference in the thickest region, the 
researchers used non-resilient strip meter. The body mass index 
was calculated from the numerical values of height and weight 
in meters. To reduce the individual error rate, all 
anthropometric measurements were performed by one person. 
This study aimed at determining the effect of whey protein 
supplementation on LDH and GPx activity after an intense 
resistance exercise during 24, 48, and 72 hour intervals after 
the test. Both groups performed intense resistance tests in the 
form of going up and down the stairs (height: 50 cm), and their 
blood samples were collected at 5 stages (before, immediately, 
and 24, 48, and 72 hours after the test); which has the goal of 
measuring the LDH and GPx activity. 
The test duration was 20 min, which took place in the form 
of four 5-min stages with 1-min intervals; in each minute, the 
participant was supposed to perform 24 cycles of going up and 
down the stairs (height: 50 cm). One run cycle had four parts 1) 
up with the right foot, 2) up with the left foot, 3) down with the 
right foot, 4) down with the left foot. The number of steps per 
minute was 96 beeps per minute which was determined using 
the metronome software, so that the participant could complete 
24 entire steps of going up and down the stairs. From these four 
stages, the participants began two steps of going up with their 
right leg and the other two with their left foot. The right leg 
constricted as the body went up and eccentrically constricted as 
it went down. During the test, to exert excess load, the subject 
hold 2 weight (dumbbells) with his hands each one being 7% of 
his body weight (totally 14% of the body weight). In addition, 
at any time of the test, when the participant reached the fatigue 
peak and could not continue the test, the test was stopped for 
him.21,22 
Whey protein and placebo supplementation were performed 
at three stages (days 1, 2, and 3).  
Day 1: All participants were in the laboratory by passing 
10-12 hours from overnight fast. Fasting blood samples were 
collected (baseline levels), and then the exercise test was 
performed. Immediately after discontinuation of the test, blood 
sampling was done (acute response), followed by 
supplementation of whey protein (first supplementation). 
Day 2: Blood sampling was repeated in fasting conditions 
(24 hours of recovery), followed by repeating the whey protein 
supplementation (second supplementation). 
Day 3: Blood sampling was repeated in fasting conditions 
(48 hours of recovery), followed by repeating the whey protein 
supplementation (third supplementation). 
Day 4: Blood sampling was repeated in fasting conditions 
(72 hours of recovery). 
The control group also performed all of the above 
mentioned steps. Accordingly, the difference was that subjects 
in this group took placebo instead of whey protein. At each 
stage, whey protein supplementation was carried out 20 to 30 
min after blood sampling. Blood samples were centrifuged for 
serum separation at 2000 rpm at 10 min. LDH was measured 
using spectrophotometry, and GPx by Optical spectroscopy 
method. 
Anthropometric measurement was measured in baseline. 
Mean and SD of anthropometric and blood indexes and other 
statistical analysis were conducted using SPSS software 
version 15.0. Shapiro-Wilk test was used to determine the 
normal status of the obtained data. A repeated measure analysis 
of variance (2-way ANOVA) was used to evaluate time-course 
change in variables for LDH and GPx, and Bonferroni post hoc 
test was used to determine significant values between specific 
means. Then, independent sample T-test was used to compare 
each variable between 2 groups at each stage. Significant level 
was set at 0.05. 
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Results 
Table 1 shows the descriptive anthropometric features of 
the study groups. Based on the independent T test, there were 
no differences in the age, body weight, BMI, and body fat 
percentage between the two groups (see table 1). 
Table 2 presents the changes in GPx and LDH during the 
study for the subjects. Significant differences were not found in 
LDH and GPx activity at pre-exercise (baseline) between 2 groups. 
The statistical results of 2-way ANOVA showed no 
significant change in serum LDH at sampling stage (Pvalue = 
0.998). Based on this data, compared with placebo, whey 
protein supplementation is not associated with acute and 
recovery changes in LDH as muscle damage marker response 
to eccentric resistance exercise in non-athlete’s young men. 
In contrast, results by 2-way ANOVA showed significant 
changes regarding the GPx activity (Pvalue < 0.0001). In 
addition, data analysis by Bonferroni post hoc test was also 
showed significant increase at 24, 48 and 72 hours’ recovery by 
whey protein supplementation in comparison with placebo 
subjects (figure 1). Actually, compared to pre-exercise, GPx 
activity was increased at each stage of blood sampling for 2 
groups, separately. However, data analysis by ANOVA showed 
significant change between 2 groups. On the other hand, 
comparison of GPx between the two groups indicated that the 
activity of this antioxidant index was significantly higher in 
experimental, compared to the placebo subjects at each stage of 
blood sampling (Pvalue < 0.05). 
Data shows whey protein supplementation can increase the 
GPx activity after severe eccentric contraction in non-athlete’s 
young men. 
Table 1. Mean and standard deviation of anthropometric characteristics of the studied groups (mean ± SD) 
Variables Experimental group Placebo group Pvalue 
Age (year) 22.50 ± 1.17 21.33 ± 1.16 0.22 
Height (cm) 176.00 ± 2.31 174.70 ± 3.14 0.25 
Weight (kg) 89.90 ± 6.73 89.30 ± 6.96 0.81 
Body mass index (kg/m2) 29.01 ± 1.82 29.28 ± 2.45 0.77 
Body Fat (%) 30.14 ± 2.27 30.63 ± 2.71 0.31 
 
Table 2. Mean and standard deviation of GPx and LDH in stage of blood sampling of 2 groups 






Sig (Independent T test) 
0.873 ± 0.083 
0.602 ± 0.054 
0.659 
0.625 ± 0.046 
0.641 ± 0.063 
0.513 
0.631 ± 0.040 
0.650 ± 0.058 
0.343 
0.873 ± 0.083 
0.664 ± 0.050 
0.533 
0.612 ± 0.050 









Sig (Independent T test) 
0.821 ± 0.070 
0.838 ± 0.061 
0.53 
0.837 ± 0.072 
0.769 ± 0.055 
0.17 
1.164 ± 0.166 
0.924 ± 0.054 
< 0.0001 
1.111 ± 0.104 
0.896 ± 0.105 
< 0.0001 
1.036 ± 0.131 








Figure 1. The changes pattern of GPx activity in experimental or placebo subjects 
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Discussion 
The main finding of the present study was indicating the 
increase in the level of GPx activity in response to whey 
protein supplementation. In other words, in contrast to the 
placebo group, whey protein supplementation significantly 
increased the GPx activity at 24, 48, and 72-hour intervals after 
eccentric resistance exercise in inactive men. However, whey 
protein supplementation did not affect LDH levels compared to 
the placebo group. In other words, at each interval (24, 48, and 
72 hours), no significant difference was observed in LDH 
levels between the placebo and whey protein groups, which can 
be resulted from low sample size of the study. It should be 
noted that, immediately after the exercise test, the levels of 
GPx and LDH in both groups showed a significant reduction 
and increase, respectively, compared to the pre-test. 
Concerning the acute or delayed response of GPx and LDH to 
whey protein supplementation after an intense eccentric 
exercise session, though the studies are limited. Ahmadi Kani 
et al. (2011) reported that using whey protein along with 
resistance training significantly increased TAC in overweight 
young men; however, GPx activity was not significantly 
changed compared to the placebo group.23 
Although the GPx activity, by passing 24, 48, and 72 hours 
from the exercise test elevated in both groups, the level of its 
activity was significantly higher in the group supplemented 
with whey protein in each step of the post-test exercise 
sampling (48, 24 and 72 hours) in comparison with the placebo 
group. These findings confirm the antioxidant effects of whey 
protein in intervals following intense resistance exercise test in 
non-athlete individuals. Studies have supported the body's 
ability to respond to higher levels of lactoferrin, beta-
lactoglobulin, alpha-lactalbumin, glycomacropeptide, and 
immunoglobulins, which constitute the biological function of 
his protein, all of which contribute to its potent role as an 
antioxidant.24,25 
In addition, intracellular conversion of cysteine amino acid 
to glutathione is one of the other mechanisms representing the 
antioxidant properties of this protein.24 In an earlier study, the 
antioxidant effect of whey protein was demonstrated by the 
free radical scavenging properties of rats.26 Another study 
found that although resistance training alone leads to an 
antioxidant system strengthening in overweight young men, the 
combination of resistance exercise combined with whey protein 
brings more beneficial effects on the antioxidant system with 
emphasis on TAC.23 In this area, Zavorsky et al. (2007) also 
pointed out that in response to 2 weeks of whey protein 
supplementation, a significant relationship was observed 
between the amount of this antioxidant supplement and 
increase in GPx.27 In addition, Gad et al. (2010) confirmed the 
scavenging effect of free radicals and antioxidant effects of 
whey protein;18 however, Cornish et al. (2009) emphasized on 
the lack of antioxidant property of whey protein during 
resistance trainings.28 Coombes et al. (2000) pointed out that 
concentration of LDH in the whey protein group significantly 
decreased 5 days after exercise 29 compared with the placebo 
group.29 Eizadi et al. (2018) demonstrated that whey protein 
supplementation, in comparison to the placebo group, 
significantly reduced the activity of alanine aminotransferase 
(ALT) 24 to 72 hours after an intense eccentric exercise session 
in non-athletic male students.30 In contrast, Asjodi et al. (2013) 
reported no change in LDH levels by passing 24 and 48 hours 
from resistance exercise in response to whey protein 
supplementation.31 In general, muscular or liver damages after 
exercise, especially intense eccentric resistance exercises,32 can 
be developed in response to the destruction of muscular 
structure or local ischemia due to exercise and manifest 
through changes in LDH, AST, or CK levels.33 However, the 
main mechanisms responsible for this process are not well 
defined. In this regard, Nameny et al. (2004) reported 
significant increases in CK and LDH, 24 and 48 hours after 
intense eccentric contractions.34 It is noteworthy that, changes 
in LDH in response to intense muscular contractions appear 
slightly after the changes in CK, gradual increase of which 
occurs about 24 to 48 hours after stimulation.35 Since regarding 
the response to stimulation, LDH is less sensitive compared to 
CK, LDH activity may alter with more intensity or time in 
response to exercise. The lack of measurement of CK is one of 
the main limitations of this study. 
The lack of difference in LDH between the two groups was 
reported, while whey protein consumption after muscular 
damage following intensive muscular activities leads to more 
absorption of proteins with rapid recovery, and also with repair 
of damaged muscle fibers.36 Clinical studies have revealed that 
whey protein supplementation leads to inhibition of DNA 
damages caused by iron increase in leukocytes and 
colonocytes.37 Some other studies have indicated that during 
exercise, there is a correlation between oxidative stress markers 
and some cellular damage indicators such as CK and LDH.38 In 
this regard, Seifi et al. (2008) reported that 30-minute running 
with 75% VO2max performed by non-athlete participants 
significantly increased both CK and malondialdehyde 
(MDA).39 Lack of measurement of other antioxidant or 
oxidative stress indicators such as MDA or TAC is also one of 
the limitations of the present study. 
In conclusion, despite the antioxidant effect of whey 
protein with an emphasis on GPx, lack of LDH change may be 
attributed to the dispersion of scores or small number of 
samples, in comparison to the control group. Of course, not all 
of the previous studies, supported the antioxidant effects and 
repair of muscular damages. The beneficial effects of whey 
protein have also been reported regarding inhibition or 
prevention of increase in enzymes indicating muscular or liver 
damage such as LDH following muscular damages caused by 
severe extrinsic contractions among healthy people.19 On the 
other hand, Buckley et al. (2010) found that whey protein 
consumption could accelerate the recovery period and repair 
the muscular damage via reducing the muscle damage indices 
such as CK and LDH after eccentric contractions.40 
Researchers believe that supplementation of amino acids and 
proteins may be associated with reduced muscle damage and 
delayed exercise-induced fatigue.41 On the basis of this 
evidence, the potential role of branched amino acids has always 
been raised as a useful adjunct to muscle recovery in stroke 
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injury following intense resistance exercise. Also, one study 
found that supplementation of branched amino acids before and 
after exercise had beneficial effects while reducing muscle 
protein synthesis induced by muscle injury.42 
Moreover, the reduction effect on muscle damage 
biomarkers through supplementation of this protein along with 
long-term aerobic exercises has already been observed.43 Some 
researchers have attributed the beneficial effects of this protein 
supplement to some of its bioactive factors such as beta-
lactoglobulin, alpha-globulin, albumin, lactoferrin, lactose 
peroxidase, and phospholipoproteins.44 Some other studies, 
concentrated on its biological components such as 
glycomacropeptide, and some immunoglobulins, have 
introduced whey protein as a potent antioxidant, 
antihypertensive, anti-tumor, triglyceride-lowering agent, 
antivirus, and antibacterial protein which also improves the 
immune system function.45,25 Researchers believe that the 
effective mechanism of whey protein in reducing free radicals 
is perceived as a strong antioxidant through intracellular 
conversion of cysteine amino acid to glutathione.25 
Kim et al. (2013) have also shown that whey protein intake 
can decrease the oxidative stress and lipid peroxidation, due to 
excess of iron intake in laboratory mice.37 Also, Whey protein 
can significantly reduce apoptosis induced by H2O2, which is 
one of the most important indicators of oxidative stress, and 
increase the antioxidant activity through mitochondrial 
pathways.46 Oral intake of whey protein and intravenous 
injection may also increase the activity of antioxidant enzymes 
in oxidative stress conditions induced by paracetamol in 
laboratory mice.47 
Determination of acute and recovery response of GPx and 
LDH to eccentric resistance exercise after whey protein 
supplementation in non-athletic young men are the main 
objectives of study. Compared with the placebo group, whey 
protein supplementation revealed a significant increase in GPx 
at 24, 48, and 72-hour intervals following eccentric resistance 
exercise in non-athletic male students. On the other hand, lack 
of change in LDH may be attributed to the consumption dose, 
dispersion of scores, or the small sample size. However, its 
anti-inflammatory or anti-oxidant effects cannot be attributed 
only to LDH changes. Because lack of measuring of other 
inflammatory markers or muscle damage indicators such as 
MDA, CRP and CK are the limitations of the present study. 
Therefore, further studies are needed to clarify possible 
mechanisms by which whey protein supplementation on anti-
oxidant or muscle damage markers during exercise. 
Acknowledgement 
We thank to individuals for participating in study. 
Conflict of Interest 
The authors declare that they have no conflict of interest. 
References  
1. Radu MD, Schipu S, Coprean D. The effect of acute physical exercise on the 
antioxidant status of the skeletal and cardiac muscle in the Wistar rat. 
Romanian Biotechnological Letters 2010;15:56-61. 
2. Clarkson P, Hubal M. Exercise–induced muscle damage in humans. Am J Phys 
Med Rehabil 2002;81:S52-69. 
3. Connolly DA, Sayers SP, McHugh MP. Treatment and prevention of delayed 
onset muscle soreness. J of stren cond Res 2003;17:197-208. 
doi:10.1519/1533-4287(2003)017<0197:tapodo>2.0.co;2 
4. Brown EC, DiSilvestro RA, Babaknia A, Devor ST. Soy versus whey protein 
bars: effect on exercise training impact on lean body mass and antioxidant 
status. Nutr J 2004;3:22. doi:10.1186/1475-2891-3-22 
5. Belviranl M, Gökbel H. Acute exercise induced oxidative stress and 
antioxidant changes. Eur J Gen Med 2006;3:126-31 
6. Liu J, Yeo HC, Overvik-Douki E, Hagen T, Doniger SJ, Chyu DW, et al. 
Chronically and acutely exercised rats: biomarkers of oxidative stress and 
endogenous antioxidants. J Appl Physiol (1985) 2000;89:21-8. 
doi:10.1152/jappl.2000.89.1.21 
7. Groussard C, Rannou-Bekono F, Machefer G, Chevanne M, Vincent S, Sergent 
O, et al. Changes in blood lipid peroxidation markers and antioxidants after a 
single sprint anaerobic exercise. Eur J Appl Physiol 2003;89:14-20. 
doi:10.1007/s00421-002-0767-1 
8. Leibowitz A, Klin Y, Gruenbaum BF, Gruenbaum SE, Kuts R, Dubilet M, et 
al. Effects of strong physical exercise on blood glutamate and its metabolite 2-
ketoglutarate levels in healthy volunteers. Acta Neurobiol Exp (Wars) 
2012;72:385-96. 
9. Kazue M. Muscular pain mechanisms: brief review with special consideration 
of delayed onset muscle soreness. Novel Trends in Brain Science 2008;203-24. 
doi:10.1007/978-4-431-73242-6_12 
10. Hazar S, Hazar M, Korkmaz S, Bayil S, Gürkan AC. The effect of graded 
maximal aerobic exercise on some metabolic hormones, muscle damage and 
some metabolic end products in sportsmen. Sci Res Essays 2011;6:1337-43. 
11. Amirsasan R, Nikookheslat S, Sari-Sarraf V, Kaveh B, Letafatkar A. The 
effect of two dosage of BCAA supplementation on wrestlers’ serum indexes on 
cellular injury. J Resea Zahedan Medi Sci 2012;13:22-28. [Persian]. 
12. Balakrihnan SD, Anuradha CV. Exercise, depletion of antioxidants and 
antioxidant manipulation. Cell Biochem Funct 1998;16:269-75. 
doi:10.1002/(SICI)1099-0844(1998120)16:4<269::AID-CBF797>3.0.CO;2-B 
13. Playne M, Bennett L, Smithers G. Functional dairy foods and ingredients. 
Aust J Dairy Technol 2003;58:242-64. 
14. Haraguchi FK, Silva ME, Neves LX, dos Santos RC, Pedrosa ML. Whey 
protein precludes lipid and protein oxidation and improves body weight gain in 
resistance-exercised rats. Eur J Nutr 2011;50:331-9. doi:10.1007/s00394-010-0141-8 
15. Huth Peter J, Rains Tia M, Yang Y, Phillips Stuart M. Current and emerging 
role of whey protein on muscle accretion. In: onwulata CI, Huth PJ, editors. 
Whey processing, functionality & health benefits. 1 st ed. Recherche: John 
Wiley & Sons; 2008. p. 358-69. 
16. Ji LL. Antioxidants and oxidative stress in exercise. Proc Soc Exp Biol Med 
1999;222:283-92. doi:10.1046/j.1525-1373.1999.d01-145.x 
17. Traverso N, Balbis E, Sukkar SG, Furfaro A, Sacchi-Nemours AM, Ferrari C, 
et al. Oxidative stress in the animal model: the possible protective role of milk 
serum protein. Mediterr J NutrMetab 2010;3:173-8. doi:10.3233/s12349-010-0011-1 
18. Gad AS, Khadrawy YA, El-Nekeety AA, Mohamed SR, Hassan NS, Abdel-
Wahhab MA. Antioxidant activity and hepato protective effects of whey 
protein and Spirulina in rats. Nutrition 2011;27:582-9. 
doi:10.1016/j.nut.2010.04.002 
19. Cooke MB, Rybalka E, Stathis CG, Cribb PJ, Hayes A. Whey protein isolate 
attenuates strength decline after eccentrically-induced muscle damage in healthy 
individuals. J Int Soc Sports Nutr 2010;22:7-30. doi:10.1186/1550-2783-7-30 
20. Catherine S. Effect of a Protein-carbohydrate Beverage on Muscle Damage 
During an Acute Bout of Concurrent Exercise in Competitively-training 
"crossfit" Men. The Ohio State University 2011;3:132. 
21. Kume H, Okazaki K, Sasaki H. Hepatoprotective effects of whey protein on 
D-galactosamine-induced hepatitis and liver fibrosis in rats. Biosci Biotechnol 
Biochem 2006;70:1281-5. doi:10.1271/bbb.70.1281 
22. Serkan H, Muhsin H, Şebnem K, Sibel B, Alper CG. The effect of graded 
maximal aerobic exercise on some metabolic hormones, muscle damage and 
some metabolic end products in sportsmen. Scientific Research and Essays 
2011;6:1337-43. 
Behboudi et al 
 
International Journal of Health Studies 2019;5(2)       |        24 
23. Ahmadi Kani Golzar F, Shaykholeslamin D, Mojtahei h, Marandi SM, 
Mashhadi Akbarboojar M. The role of resistance exercise and whey protein 
supplementation on antioxidant status in young overweight men. Exercise 
environmental science 2010;11:103-121. 
24. Marshall K. Therapeutic application of whey protein. Altern Med Rev 
2004;9:136-56. 
25. Madureira AR, Pereira CI, Gomes AM, Pintado ME, Malcata FX. Bovine 
whey proteins – Overview on their main biological properties. Food Research 
Int 2007;40:1197-211. doi:10.1016/j.foodres.2007.07.005 
26. Gad AS, Khadrawy YA, El-Nekeety AA, Mohamed SR, Hassan NS, Abdel-
Wahhab MA. Antioxidant activity and hepato protective effects of whey protein 
and Spirulina in rats. Nutrition 2011;27:582-9. doi:10.1016/j.nut.2010.04.002 
27. Zavorsky GS, Kubow S, Grey V, Riverin V, Lands LC. An open label dose-
response study of lymphocyte glutathione levels in healthy men and women 
receiving pressurized whey protein isolate supplements. Int J Food Sci Nutr 
2007;58,429-36. doi:10.1080/09637480701253581 
28. Cornish SM, Candow DG, Jantz NT, Chilibeck PD, Little JP, Forbes S, et al. 
Conjugated linoleic acid combined with creatine monohydrate and whey 
protein supplementation during strength training. Int J Sport Nutr Exerc Metab 
2009;19:79-96. doi:10.1123/ijsnem.19.1.79 
29. Coombes JS, McNaughton LR. Effects of branchedchain amino acid 
supplementation on serum Creatine Kinase and lactate dehydrogenase after 
prolonged exercise. J Sports Med Phys Fitness 2000;40:240-6. 
30. Eizadi M, Ghasemi Shob M, Rashidi M. Effects of whey protein 
supplementation after high intensity eccentric contraction on liver enzymes in 
non athletic young men. koomesh 2018;20:15-24. 
31. Asjodi F, Arazi H, Farazi Samarin S. Comparing the effects of dietary 
supplementation with carbohydrate and whey protein at two ratios on muscle 
damage indices after eccentric resistance exercise. Iranian Journal of Nutrition 
Sciences & Food Technology 2013;7:83-92. 
32. Davies RC, Eston RG, Poole DC, Rowlands AV, DiMenna F, Wilkerson DP, 
et al. Effect of eccentric exercise đnduced muscle damage on the dynamics of 
muscle oxygenation and pulmonary oxygen uptake. J Appl Physiol 
2008;105:1413-21. doi:10.1152/japplphysiol.90743.2008 
33. Staron RS, Hikida RS. Muscular responses to exercise and training. In: 
Exercise and sport science, edited by Garret WE and Kirkendall DT. 
Philadelphia: Lippincott Williams && Wilkins, 2000; p. 163-76. 
34. Nameny F, Kashef M, Lari AA. The effect of warming on the relationship 
between CK and LDH in women's athletic recovery. Olympic 2005;4:97-107. 
35. Nobahar M, Mirdar SH. The effects of progressive exercise training on some 
of muscle damage enzymes in active girls. JME 2012;2:1-12. 
36. Tipton KD, Elliott TA, Cree MG, Wolf SE, Sanford AP, Wolfe RR. Ingestion 
of casein and whey proteins result in muscle anabolism after resistance exercise. 
Med Sci Sports Exerc 2004;36:2073-81. doi:10.1249/01.MSS.0000147582.99810.C5 
37. Kim J, Paik HD, Yoon YC, Park E. Whey protein inhibits iron overload-
induced oxidative stress in rats. J Nutr Sci Vitaminol (Tokyo) 2013;59:198-
205. doi:10.3177/jnsv.59.198 
38. Kanter MM, Lesmes GR, Kaminsky LA, La Ham-Saeger J, Nequin ND. 
Serum creatine kinase and lactate dehydrogenase changes following an eighty 
kilometer race . Relationship to lipid peroxidation. Eur J Appl Physiol Occup 
Physiol 1988;57:60-3. doi:10.1007/bf00691239 
39. Seifi-Skishahr F, Siahkohian M, Nakhostin-Roohi B. Influence of aerobic 
exercise at high and moderate intensities on lipid per oxidation in untrained 
men. J Sports Med Phys Fitness 2008;48:515-21. 
40. Buckley JD, Thomson RL, Coates AM, Howe PR, DeNichilo MO, Rowney 
MK. Supplementation with a whey protein hydrolysate enhances recovery of 
muscle forcegenerating capacity following eccentric exercise. J Sci Med Sport 
2010;13:178-81. doi:10.1016/j.jsams.2008.06.007 
41. Ramallo B, Charro MA, Foschini D, Prestes J, Pithon-Curi T, Lopes 
Evangelista A, et al. ACUTE glutamine supplementation does not affect 
muscle damage profile after resistance training. International Journal of Sports 
Science 2013;3:4-9. doi:10.5923/j.sports.20130301.02 
42. Negro M, Giardina S, Marzani B, Marzatico F. Branched-chain amino acid 
supplementation does not enhance athletic performance but affects muscle 
recovery and the immune system. J Sports Med Phys Fitness 2008;48:347-51. 
43. Chen WC, Huang WC, Chiu CC, Chang YK, Huang CC. Whey protein 
improves exercise performance and biochemical profiles in trained mice. Med 
Sci Sports Exerc 2014;46:1517-24. doi:10.1249/MSS.0000000000000272 
44. Jakubowicz D, Froy O. Biochemical and metabolic mechanisms by which 
dietary whey protein may combat obesity and Type 2 diabetes. J Nutr Biochem 
2013;24:1-5. doi:10.1016/j.jnutbio.2012.07.008 
45. Marshall K. Therapeutic applications of whey protein. Altern Med Rev 
2004;9:136-56. 
46. Jin MM, Zhang L, Yu HX, Meng J, Sun Z, Lu RR. Protective effect of whey 
protein hydrolysates on H2O2-induced PC12 cells oxidative stress via a 
mitochondria-mediated pathway. Food Chem 2013;141:847-52. 
doi:10.1016/j.foodchem.2013.03.076 
47. Athira S, Mann B, Sharma R, Kumar R.Ameliorative potential of whey 
protein hydrolysate against paracetamol-induced oxidative stress. J Dairy Sci 
2013;96:1431-7. doi:10.3168/jds.2012-6080 
 
